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(57) A gas turbine blade is provided with a hollow 
blade effective section and a blade root section opera- 
tive ly connected to the blade effective section and the 
gas turbine blade is formed with: a leading edge pas- 
sage for guiding a cooling medium from a supply pas- 
sage of the blade root section on a blade leading edge 
side of the hollow blade effective section; leading edge 
intermediate passages following the leading edge pas- 
sage; and a trailing edge passage for guiding the cooling 
medium from a supply passage of a blade root section 
on a blade trailing edge side of the hollow blade effective 
section. The leading edge passage being provided with 
a heat transfer accelerating element which is arranged 
in a right ascendant state inclined to an advancing flow 
direction of the cooling medium when supplying the 
cooling medium from the blade root section to a blade 
tip section side or left (leading edge side) ascendant 
state from the blade tip section to the blade root section. 
The trailing edge passage being provided with a heat 
transfer accelerating element which is arranged in a left 
(trailing edge counter side) ascendant state inclined to 
the advancing flow direction of the cooling medium 
when supplying the cooling medium from the blade root 
section to a blade tip section side. 
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Description 

BACKGROUND OF THE INVENTION 
[Field of the Invention] 



[0001] The present invention relates to a gas turbine 
blade, in particular, having an improved cooling passag- 
es formed inside the blade. 

[Prior Art] 

[0002] In the latest gas turbine plant, a technique of 
making a gas turbine high temperature has been re- 
markably developed, and a gas turbine inlet combustion 
gas temperature has been transferred to 1500°C or 
more via a former range of 1000°C to 1 300°C. 
[0003] In the case where the inlet combustion gas 
temperature of the gas turbine is made 1 500 °C or more, 
an allowable thermal stress of a gas turbine blade, which 
is representative of a gas turbine stationary blade or a 
gas turbine movable (rotating) blade, has already 
reached the limit although a heat-resisting material has 
been developed. In an operation having many times of 
start up and shut down, or in a continuous operation over 
a long time, there is the possibility that accidents such 
as a crack and breakdown happen in the heat-resisting 
material. For this reason, in the case where the gas tur- 
bine inlet combustion gas temperature is made high, an 
air is used as a technique for keeping the gas turbine 
blade within an allowable temperature by cooling an in- 
terior of the gas turbine blade. 

[0004] However, in the case of cooling the gas turbine 
blade with the use of the air, the air supply source is an 
air compressor connected directly to the gas turbine. For 
this reason, several ten percents (%) of high pressure 
air supplied from the air compressor to the gas turbine 
are used for cooling the gas turbine blade. In the rela- 
tionship between heat input and heat output, the gas tur- 
bine plant, which uses much cooling air, has a plant heat 
efficiency lower than a gas turbine plant which uses a 
small amount of cooling air. Therefore, it is important to 
reduce the cooling air so as to improve the plant heat 
efficiency. 

[0005] In order to improve the plant heat efficiency, 
recently, in the gas turbine plant, an air supplied into the 
gas turbine blade is circulated, and then, is again recov- 
ered, so-called, an open loop system is reconsidered. 
[0006] Moreover, in the gas turbine plant, the follow- 
ing technique has been studied. That is, a steam is used 
as a cooling medium in order to make high the gas tur- 
bine inlet combustion gas temperature and to secure a 
high power. In that case, the steam supplied into the gas 
turbine blade is circulated. 

[0007] As described above, in the recent gas turbine 
plant, even in the case where the air or steam is used 
as a cooling medium, the cooling medium supplied into 
the gas turbine blade is again recovered, and then, the 
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recovered cooling medium is supplied for heat utilization 
to other equipments, whereby it is expected that the 
plant heat efficiency is further improved. 
[0008] In the case of supplying a cooling medium into 

s the gas turbine blade, the cooling medium is circulated 
to the gas turbine blade to be cooled, and thereafter, is 
supplied for heat utilization to other equipments. There- 
fore, a plant heat efficiency can be further improved un- 
like the conventional case where the cooling medium 

10 after cooling the blade joins together with a gas turbine 
driving gas (main stream). Further, the cooling medium 
cools the inside of the blade, and thereafter, is recov- 
ered, so that there is no disturbance of a stream line of 
the gas turbine driving gas. Therefore, a blade efficiency 

15 can be improved. 

[0009] Even promising cooling medium recovery type 
gas turbine plant described above has some problems 
in the case of supplying the cooling medium into the 
blade and circulating it. One of these problems is to im- 

20 prove a heat transfer coefficient and to reduce a pres- 
sure loss. 

[0010] Ordinarily, a leading edge or trailing edge of the 
gas turbine blade is requested having a thin wall thick- 
ness to improve a flow performance in spite of receiving 

25 a high thermal load of the gas turbine driving gas. Fur- 
ther, the leading edge or trailing edge of the gas turbine 
blade is required having a streamline shape having a 
largercurvature. Forthis reason, a cooling passage sec- 
tion area and the ratio of cooling surface area to an outer 

30 surface area inevitably become small as compared with 
the middle of the blade. In the case of the aforesaid cool- 
ing medium recovery type gas turbine, it is disadvanta- 
geous to plant efficiency to provide film cooing or ejec- 
tion holes in a blade wall. For this reason, the following 

35 problem arises. That is, a cooling efficiency as a design 
value is not obtained by convection cooling of merely 
circulating the cooling medium. Further, a pressure loss 
of the cooling medium becomes great, and a velocity of 
flow lowers, resulting in local superheat. Therefore, ef- 

40 fective cooling method is required for a blade leading 
edge and trailing edge. 

[0011] Recently, in order to improve a heat transfer 
coefficient of the cooling medium, there has been fre- 
quently proposed a technique of providing a rod-like rib 

^5 in a cooling passage of the gas turbine blade. 

[0012] However, in the case of providing a rib which 
functions as a heat transfer accelerating element in the 
cooling passage of the blade, a pressure loss increases 
unless the heat transfer accelerating element is located 

50 on a proper position. As a result, a flow rate of cooling 
medium excessively increases, and for this reason, a 
heat transfer coefficient as a design value can not be 
obtained. Therefore, proper arrangement of ribs or new 
ribs are required in order to effectively cool the gas tur- 

55 bine blade. 
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SUMMARY OF THE INVENTION 

[0013] The present invention has been made on the 
basis of the technical background as described above, 
and an object of the present invention is to provide a gas $ 
turbine blade which is constructed in a manner that a 
heat transfer accelerating element is located on a proper 
position even if a cooling area is small, and a pressure 
loss is reduced so as to achieve effective cooling by a 
cooling medium. io 
[0014] The above and other objects can be achieved 
according to the present invention by providing, in one 
aspect, a gas turbine blade provided with a hollow blade 
effective section and a blade implanted section opera- 
tively connected to the blade effective section, the gas is 
turbine blade including: 

a leading edge passage for guiding a cooling medi- 
um from a supply passage of the blade implanted 
section on a blade leading edge side of the hollow 20 
blade effective section; 

leading edge intermediate passages following the 
leading edge passage; and 

a trailing edge passage for guiding the cooling me- 
dium from a supply passage of a blade implanted 25 
section on a blade trailing edge side of the hollow 
blade effective section, 

the leading edge passage being provided with a 
heat transfer accelerating element which is ar- 
ranged in a right ascendant state inclined to an ad- 30 
vancing flow direction of the cooling medium when 
supplying the cooling medium from the blade im- 
planted section to a blade tip section side or left 
(leading edge side) ascendant state from the blade 
tip section to the blade implanted section, or the 35 
trailing edge passage being provided with a heat 
transfer accelerating element which is arranged in 
a left (trailing edge counter side) ascendant state 
inclined to the advancing flow direction of the cool- 
ing medium when supplying the cooling medium 40 
from the blade implanted section to a blade tip sec- 
tion side. 

[0015] In another aspect, there is provided a gas tur- 
bine blade provided with a hollow blade effective section 45 
and a blade implanted section operatively connected to 
the blade effective section, the gas turbine blade includ- 
ing: 

a leading edge passage for guiding a cooling medi- so 
urn from a supply passage of the blade implanted 
section on a blade leading edge side of the hollow 
blade effective section; 

a leading edge intermediate passages for supplying 

a cooling medium like a serpentine via a leading 55 

edge bent portion formed on a blade tip section side 

and on a blade implanted section side; 

a leading edge return passage for recovering the 
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cooling medium from the leading edge intermediate 
passage to a recovery passage of the blade im- 
planted section; 

a trailing edge passage for guiding the cooling me- 
dium from a supply passage of the blade implanted 
section on a blade trailing edge side of the hollow 
blade effective section; and 

a trailing edge return passage for recovering the 
cooling medium to a recovery passage of the blade 
implanted section via a trailing edge bent portion 
formed on the blade tip section side, 
the leading edge passage, the leading edge inter- 
mediate passage and the leading edge return pas- 
sage being provided with a heat transfer accelerat- 
ing element which is arranged in a right ascendant 
state or left ascendant state inclined to an advanc- 
ing flow direction of the cooling medium, and 
the trailing edge passage and the trailing edge re- 
turn passage being provided with a heat transfer ac- 
celerating element which is arranged in a left as- 
cendant state inclined to the advancing flow direc- 
tion of the cooling medium. 

[001 6] In the above aspect, the heat transfer acceler- 
ating element located on the leading edge passage or 
on the trailing edge passage is alternately arranged with 
respect to a blade wall on a ventral side and a back side. 
The heat transfer accelerating element located on the 
leading edge passage or on the trailing edge passage 
is arranged in plural lines of stages. The heat transfer 
accelerating element located on the leading edge pas- 
sage or on the trailing edge passage is arranged in plural 
lines of stages, and the heat transfer accelerating ele- 
ment located on one line is alternately arranged with re- 
spect to a heat transfer accelerating element located on 
an adjacent line. The heat transfer accelerating element 
located on the trailing edge passage is arranged on only 
blade wall on the ventral side. 

[001 7] The leading edge bent portion on the blade im- 
planted section side of the leading edge intermediate 
passage is provided with a guide plate. 
[0018] In a further aspect of the present invention, 
there is provided a gas turbine blade provided with a 
hollow blade effective section and a blade implanted 
section operatively connected to the blade effective sec- 
tion, the gas turbine blade including: 

a trailing edge passage for guiding a cooling medi- 
um from a blade trailing edge outer side supply pas- 
sage of the blade implanted section on a blade trail- 
ing edge side of the hollow blade effective section; 
a leading edge passage for recovering the cooling 
medium from the trailing edge passage to a blade 
leading edge outer side recovery passage of the 
blade implanted section via a blade tip section pas- 
sage formed on a blade tip section side; 
a blade trailing edge inner side passage which is 
formed on an inner side of the trailing edge pas- 
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sage, the blade tip section passage and the leading 
edge passage, and guides the cooling medium from 
a blade trailing edge inner side supply passage in- 
dependent from the blade trailing edge outer side 
supply passage; £ 
an inner side intermediate passage for guiding the 
cooling medium like a serpentine via a bent portion 
formed on the blade tip section passage side and 
on the blade platform side; and 

a leading edge inner side passage for recovering 10 
the cooling medium from the inner side intermediate 
passage to a blade leading edge inner side recov- 
ery passage independent from the blade leading 
edge outer side recovery passage, 
the trailing edge passage, the blade tip section pas- is 
sage, the leading edge passage, the blade trailing 
edge inner side passage, the inner side intermedi- 
ate passage and the leading edge inner side pas- 
sage being provided with heat transfer accelerating 
elements which are arranged in a left ascendant 20 
state inclined to the advancing flow direction of the 
cooling medium. 

[0019] In this aspect, a guide plate is provided at a 
bent portion on the blade platform side of the inner side 25 
intermediate passage. 

[0020] In a still further aspect, there is provided a gas 
turbine blade provided with a hollow blade effective sec- 
tion and a blade implanted section operatively connect- 
ed to the blade effective section, the gas turbine blade 30 
including: 

a leading edge passage for guiding a cooling medi- 
um from a supply passage of a blade implanted sec- 
tion on a blade leading edge side of a hollow blade 35 
effective section; 

a leading edge intermediate passages for supplying 
a cooling medium like a serpentine via a leading 
edge bent portion formed on a blade tip section side 
and on a blade implanted section side; 40 
a leading edge return passage for recovering the 
cooling medium from the leading edge intermediate 
passage to a recovery passage of the blade im- 
planted section; 

a trailing edge passage for guiding the cooling me- 45 
dium from a supply passage of the blade implanted 
section on a blade trailing edge side of the hollow 
blade effective section; and 

a trailing edge return passage for recovering the 
cooling medium to a recovery passage of the blade so 
implanted section via a trailing edge bent portion 
formed on the blade tip section side, 
the leading edge passage being provided with a 
heat transfer accelerating element which is ar- 
ranged in a right ascendant state inclined to an ad- 55 
vancing flow direction of the cooling medium, 
the leading edge intermediate passage on an up- 
stream side of the cooling medium of the leading 
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edge intermediate passages being provided with a 
heat transfer accelerating element which is ar- 
ranged in a right ascendant state inclined to the ad- 
vancing flow direction of the cooling medium, 
the adjacent leading edge intermediate passage on 
a downstream side of the cooling medium being 
provided with a heat transfer accelerating element 
which is arranged in a left ascendant state inclined 
to the advancing flow direction of the cooling medi- 
um, 

the leading edge return passage being provided 
with a heat transfer accelerating element which is 
arranged in a right ascendant state inclined to the 
advancing flow direction of the cooling medium, and 
the trailing edge passage and said trailing edge re- 
turn passage being provided with a heat transfer ac- 
celerating element which is arranged in a left as- 
cendant state inclined to the advancing flow direc- 
tion of the cooling medium. 

[0021] In a still further aspect, there is provided a gas 
turbine blade provided with a hollow blade effective sec- 
tion and a blade implanted section operatively connect- 
ed to the blade effective section, the gas turbine blade 
including: 

a leading edge passage for guiding a cooling medi- 
um from a supply passage of a blade implanted sec- 
tion on a blade leading edge side of a hollow blade 
effective section; 

a leading edge intermediate passages for supplying 
a cooling medium like a serpentine via a leading 
edge bent portion formed on a blade tip section side 
and on a blade implanted section side; 
a leading, edge return passage for recovering the 
cooling medium from the leading edge intermediate 
passage to a recovery passage of the blade im- 
planted section; 

a trailing edge passage for guiding the cooling me- 
dium from a supply passage of the blade implanted 
section on a blade trailing edge side of the hollow 
blade effective section; and 

a trailing edge return passage for recovering the 
cooling medium to a recovery passage of the blade 
implanted section via a trailing edge bent portion 
formed on the blade tip section side, 
the leading edge passage being provided with a 
heat transfer accelerating element which is ar- 
ranged in a right ascendant state inclined to an ad- 
vancing flow direction of the cooling medium, 
the leading edge intermediate passage being pro- 
vided with heat transfer accelerating elements 
which are arranged in a left ascendant state inclined 
to the advancing flow direction of the cooling medi- 
um from the leading edge bent portion of the blade 
implanted section of the leading edge intermediate 
passage to the adjacent leading edge intermediate 
passage on a downstream side of the cooling me- 



4 



EP 0 939 

dium, and which are located on a ventral side and 
a back side, 

the leading edge intermediate passage on an up- 
stream side of the cooling medium of the leading 
edge intermediate passages being provided with a 5 
heat transfer accelerating element which is ar- 
ranged in a left ascendant state inclined to the ad- 
vancing flow direction of the cooling medium, 
the adjacent leading edge intermediate passage on 
a downstream side of the cooling medium being 10 
provided with a heat transfer accelerating element 
which is arranged in a left ascendant state inclined 
to the advancing flow direction of the cooling medi- 
um, and 

the trailing edge passage and said trailing edge re- is 
turn passage being provided with being provided 
with a heat transfer accelerating element which is 
arranged in a left ascendant state inclined to the ad- 
vancing flow direction of the cooling medium. 

20 

[0022] In the above aspect, the heat transfer acceler- 
ating elements located on the ventral side and the back 
side is alternately arranged, and the heat transfer accel- 
erating element located on the back side of the heat 
transfer accelerating elements located on the ventral 2$ 
side and the back side has an intersecting angle to the 
advancing flow direction of the cooling medium relative- 
ly larger than an intersecting angle to the advancing flow 
direction of the cooling medium of the heat transfer ac- 
celerating element located on the ventral side. The heat 30 
transfer accelerating elements are changed from the 
right ascendant inclined state to the left ascendant in- 
clined state with respect to the advancing flow direction 
of the cooling medium from the leading edge bent por- 
tion on the blade tip section side of the leading edge 35 
intermediate passage in a manner of forming the heat 
transfer accelerating element so as to be changed from 
one having a relatively long length to one having a rel- 
atively short length. The heat transfer accelerating ele- 
ment is located from the leading edge bent portion on 40 
the blade tip section side of the leading edge intermedi- 
ate passage, and includes a relatively short heat trans- 
fer accelerating element which is arranged in a right as- 
cendant state inclined to the advancing flow direction of 
the cooling medium, and a relatively short heat transfer 45 
accelerating element which is arranged in a left ascend- 
ant state inclined to the advancing flow direction of the 
cooling medium. 

[0023] In a still further aspect, there is provided a gas 
turbine blade provided with a hollow blade effective sec- so 
tion and a blade implanted section operatively connect- 
ed to the blade effective section, the gas turbine blade 
including: 

a leading edge passage for guiding a cooling medi- ss 
um from a supply passage of a blade implanted sec- 
tion on a blade leading edge side of a hollow blade 
effective section; 
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a leading edge intermediate passages for supplying 
a cooling medium like a serpentine via a leading 
edge bent portion formed on a blade tip section side 
and on a blade implanted section side; 
a leading edge return passage for recovering the 
cooling medium from the leading edge intermediate 
passage to a recovery passage of the blade im- 
planted section; 

a trailing edge passage for guiding the cooling me- 
dium from a supply passage of the blade implanted 
section on a blade trailing edge side of the hollow 
blade effective section; and 

a trailing edge return passage for recovering the 
cooling medium to a recovery passage of the blade 
implanted section via a trailing edge bent portion 
formed on the blade tip section side, 
the leading edge passage being provided with a 
heat transfer accelerating element which is ar- 
ranged in a right ascendant state inclined to an ad- 
vancing flow direction of the cooling medium, 
the leading edge intermediate passage and the 
leading edge return passage being provided with a 
heat transfer accelerating element which is alter- 
nately arranged in a left ascendant state and a right 
ascendant state inclined to the advancing flow di- 
rection of the cooling medium and is located in at 
least two lines or more of stages, and 
the trailing edge passage and the trailing edge re- 
turn passage being provided with being provided 
with a heat transfer accelerating element which is 
arranged in a left ascendant state inclined to the ad- 
vancing flow direction of the cooling medium. 

[0024] In this aspect, the leading edge intermediate 
passage and the leading edge return passage are pro- 
vided with a heat transfer accelerating element which is 
alternately arranged in a left ascendant state and a right 
ascendant state inclined to the advancing flow direction 
of the cooling medium, and is located in at least two lines 
or more, and the heat transfer accelerating element is 
alternately arranged with respect to the blade wall on 
the ventral side and on the back side. 
[0025] In the above various aspects, the heat transfer 
accelerating element is composed of either one of a rod- 
like rib having a square shape in a cross section thereof 
or a rod-like rib having a round shape in a cross section 
thereof. 

[0026] In a still further aspect, there is provided a gas 
turbine blade, wherein a heat transfer accelerating ele- 
ment is constructed in a manner that an upstream side 
of the advancing flow direction of a cooling medium is 
formed as a heat transfer accelerating element leading 
edge, a downstream side thereof is formed as a heat 
transfer accelerating element trailing edge, a ventral 
side line connecting the heat transfer accelerating ele- 
ment leading edge and the heat transfer accelerating 
element trailing edge is formed into a straight line, and 
a back side line connecting the heat transfer accelerat- 
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ing element leading edge and the heat transfer acceler- 
ating element trailing edge is formed into a curved line 
which is bulged outwardly, and that the heat transfer ac- 
celerating element thus formed is located in plural lines 
in a cooling passage of a hollow blade effective section, s 
[0027] In this aspect, in the heat transfer accelerating 
elements located in plural lines of stages, assuming that 
a pitch of the heat transfer accelerating element on the 
upstream side on the same line and the heat transfer 
accelerating element on the downstream side on the 10 
same line is set as P, and a height of the heat transfer 
accelerating element is set as e, a ratio of the pitch P to 
the height e is set within a range expressed by the fol- 
lowing equation, 

75 

[Mathematical Equation 1] 
P/e = 3 to 20. 

20 

[0028] In a still further aspect, there is provided a gas 
turbine blade, wherein a heat transfer accelerating ele- 
ment is constructed in a manner that an upstream side 
of the advancing flow direction of a cooling medium is 
formed as a heat transfer accelerating element leading 25 
edge, a downstream side thereof is formed as a heat 
transfer accelerating element trailing edge, a turning 
portion is formed at an intermediate portion of the heat 
transfer accelerating element leading edge and the heat 
transfer accelerating element trailing edge, a ventral 30 
side surface connecting the heat transfer accelerating 
element leading edge and the turning portion is formed 
into a straight line, a back side surface connecting the 
heat transfer accelerating element leading edge and the 
turning portion is formed into a curved line which is 35 
bulged outwardly, the back side surface connecting the 
intermediate portion and the turning portion is formed 
into a linear surface, a turning ventral side surface con- 
necting the turning portion and the heat transfer accel- 
erating element leading edge is formed into a straight 40 
line and is bent toward the back side surface, and that 
a turning back side surface connecting the turning por- 
tion and the heat transfer accelerating element trailing 
edge is formed into a straight line, and the heat transfer 
accelerating element thus formed is located in plural 45 
lines of stages in a cooling passage of a hollow blade 
effective section. 

[0029] In the above aspect, assuming that an inclina- 
tion angle in a height direction from the blade wall of the 
cooling passage to the top portion is set as G a, the in- 50 
clination angle 0 a of the ventral side surface is set within 
a range expressed by the following equation, 

[Mathematical Equation 2] 55 
30° ^ 6 a ^ 60° . 
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[0030] Furthermore, assuming that an inclination an- 
gle to the blade wall of the cooling passage is set as 9 
b, the inclination angle 0 b of the heat transfer acceler- 
ating element trailing edge is set within a range ex- 
pressed by the following equation, 

[Mathematical Equation 3] 
30° ^ 0 b =s 60° . 

[0031] Furthermore, assuming that inclination angles 
of the turning ventral side surface and the turning back 
side surface of the turning portion are respectively set 
as 0 c, and 0 d to the blade wall of the cooling passage, 
the inclination angles 0 c and 0 d are set within a range 
expressed by the following equation, 

[Mathematical Equation 4] 
30° ^ 0 c, 0 d ^ 60 ° . 

[0032] Furthermore, assuming that the ventral side 
surface is formed into a straight line so as to connecting 
the heat transfer accelerating element leading edge and 
the turning portion, and an angle intersecting the ad- 
vancing flow direction of the cooling medium to the blade 
wall of the cooling passage is set as 0 e, the inclination 
angle 0 e of the vertral side surface is set within a range 
expressed by the following equation, 

[Mathematical Equation 5] 
30° ^ 0 e ^ 60° . 

[0033] Furthermore, either air or steam is selected as 
the cooling medium, and a turbine extraction of a steam 
turbine is selected as a steam used for the cooling me- 
dium. 

[0034] According to the present invention of the struc- 
tures and characters mentioned above, the following 
functions and effects are achieved. 
[0035] The gas turbine blade according to the present 
invention is constructed in a manner that the heat trans- 
fer accelerating elements located in each cooling pas- 
sage of the blade effective section are arranged in a so- 
called right ascendant state inclined to the advancing 
flow direction of the cooling steam, and alternately lo- 
cated on the ventral side and the back side of the blade, 
and thus, a circulating swirl based on the secondary flow 
is induced. Therefore, it is possible to further improve a 
heat transfer coefficient of the cooling medium. 
[0036] In the case of guiding the cooling medium from 
one cooling passage to adjacent cooling passage via 
the bent portion, the heat transfer accelerating element, 
which is arranged in a right ascendant inclined state in 
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one cooling passage, is arranged in a left ascendant in- 
clined state in the adjacent cooling passage. Whereby 
the circulating swirl direction based on the secondary 
flow induced in one cooling passage, the circulating 
swirl direction based on the secondary flow induced in s 
the adjacent cooling passage and the circulating swirl 
direction based on the secondary flow by a Coriolis force 
coincide with each other. Therefore, it is possible to keep 
a high heat transfer coefficient of the cooling medium 
and to restrict a pressure loss. 10 
[0037] Further, in the gas turbine blade of the present 
invention, the heat transfer accelerating element locat- 
ed in the blade effective section has a ventral side line 
formed into a straight line, and a back side line which is 
formed into a curved line (like a convex) bulged outward- is 
ly. The ventral side line formed into a straight line is set 
to an angle intersecting with the advancing flow direction 
of the cooling medium, or a turning portion is formed on 
an intermediate portion connecting the heat transfer ac- 
celerating element leading edge and the heat transfer 20 
accelerating element trailing edge. A back side surface 
connecting the heat transfer accelerating element lead- 
ing edge and the turning portion is formed into a curved 
surface which is bulged outwardly and has a straight line 
surface extending from the intermediate portion. More- 25 
over, the turning ventral side surface and the turning 
back side surface extending from the turning portion to 
the heat transfer accelerating element trailing edge is 
set to a predetermined angle inclined to the blade wall. 
Therefore, it is possible to further improve a heat trans- 30 
fer coefficient of the cooling medium and to restrict a 
pressure loss. 

[0038] The nature and further characteristic features 
of the present invention will be made more clear from 
the following descriptions made with reference to the ac- 35 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0039] In the accompanying drawings: 



40 



Fig. 1 is a longitudinally sectional view schematical- 
ly showing a first embodiment of a gas turbine blade 
according to the present invention; 
Fig. 2 is a cross sectional view cut along an arrow 45 

II- ll direction of Fig. 1 to explain a direction of a cir- 
culating swirl based on a secondary flow induced 
by a heat transfer accelerating element; 

Fig. 3 is a cross sectional view cut along an arrow 

III- Ill direction of Fig. 2; so 
Fig. 4 is a partially enlarged longitudinal sectional 
view showing a blade trailing edge of the gas turbine 
blade shown in Fig. 1; 

Fig. 5 is cross sectional view cut along an arrow V- 
V direction of Fig. 4; 55 
Fig. 6 is a partially enlarged transverse sectional 
view sowing another embodiment of the blade trail- 
ing edge of the gas turbine blade according to the 



present invention; 

Fig. 7 is a longitudinal sectional view cut along an 

arrow VI I -VI I direction of Fig. 6; 

Fig. 8 is a longitudinal sectional view cut along an 

arrow VIII-VIII direction of Fig. 6; 

Fig. 9 is a cross sectional view cut along an arrow 

IX- IX direction of Fig. 1 to explain a direction of a 
circulating swirl based on a secondary flow induced 
by each bent portion of a cooling passage; 

Fig. 10 is a cross sectional view cut along an arrow 

X- X direction of Fig. 1 to explain a direction of a cir- 
culating swirl based on a secondary flow induced 
by a Coriolis force; 

Fig. 11 is a longitudinally sectional view schemati- 
cally showing a second embodiment of a gas tur- 
bine blade according to the present invention; 
Fig. 12 is a longitudinally sectional view schemati- 
cally showing a third embodiment of a gas turbine 
blade according to the present invention; 
Fig. 13 is a longitudinally sectional view schemati- 
cally showing a fourth embodiment of a gas turbine 
blade according to the present invention; 
Fig. 14 is a longitudinally sectional view schemati- 
cally showing a second embodiment of the heat 
transfer accelerating element located on an inter- 
mediate passage of the gas turbine blade shown in 
Fig. 13; 

Fig. 15 is a longitudinally sectional view schemati- 
cally showing a third embodiment of the heat trans- 
fer accelerating element located on the intermedi- 
ate passage of the gas turbine blade shown in Fig. 
13; 

Fig. 16 is a longitudinally sectional view schemati- 
cally showing a fourth embodiment of the heat 
transfer accelerating element located on the inter- 
mediate passage of the gas turbine blade shown in 
Fig. 13; 

Fig. 17 is a longitudinally sectional view schemati- 
cally showing a fifth embodiment of the heat transfer 
accelerating element located on the intermediate 
passage of the gas turbine blade shown in Fig. 1 3; 
Fig. 18 is a view showing an arrangement of the 
heat transfer accelerating element located on the 
intermediate passage in a blade effective section of 
the gas turbine blade according to the present in- 
vention; 

Fig. 19 is a longitudinal sectional view cut along an 
arrow XIX-XIX direction of Fig. 18; 
Fig. 20 is a view schematically showing another em- 
bodiment of the heat transfer accelerating element 
located on a cooling passage formed in a blade ef- 
fective section of the gas turbine blade according to 
the present invention; 

Fig. 21 is a perspective view schematically showing 
the heat transfer accelerating element shown in Fig. 
20; 

Fig. 22 is a diagram to obtain a heat transfer coef- 
ficient of a cooling medium from a height of the heat 
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transfer accelerating element to a pitch of the heat 
transfer accelerating elements shown in Fig. 20, 
which are arranged in plural lines, that is, a pitch of 
the heat transfer accelerating element arranged on 
an upstream side in the same line and the transfer s 
accelerating element arranged on a downstream 
side in the same line; 

Fig. 23 is a perspective view schematically showing 
still another embodiment of the heat transfer accel- 
erating element located on a cooling passage 10 
formed in a blade effective section of the gas turbine 
blade according to the present invention; 
Fig. 24 is a side view showing the heat transfer ac- 
celerating element when viewing from an arrow XX- 
IV direction of Fig. 23; 18 
Fig. 25 is a cross sectional view cut along an arrow 

XXV- XXV direction of Fig. 23; 

Fig. 26 is a cross sectional view cut along an arrow 

XXVI- XXVI direction of Fig. 23; 

Fig. 27 is a cross sectional view cut along an arrow 20 

XXVI I - XXVI I direction of Fig. 23; 

Fig. 28 is a view to explain a behavior of the cooling 
medium flowing through a side surface of the heat 
transfer accelerating element shown in Fig. 25; 
Fig. 29 is a view to explain a behavior of the cooling 2s 
medium flowing through a heat transfer accelerat- 
ing element trailing edge of the heat transfer accel- 
erating element shown in Fig. 27; 
Fig. 30 is a view to explain a behavior of the cooling 
medium flowing through a side surface and a trailing 30 
side surface of the heat transfer accelerating ele- 
ment shown in Fig. 26; 

Fig. 31 is a system diagram schematically showing 
a steam cooling supply/recovery system when sup- 
plying and recovering a steam as a cooling medium 35 
to the heat transfer accelerating element located on 
a cooling passage formed in a blade effective sec- 
tion of the gas turbine blade according to the 
present invention; 

40 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] Embodiments of the present invention will be 
described below with reference to the accompanying 45 
drawings and reference numerals shown in the draw- 
ings. 

[0041] Fig. 1 is a longitudinally cross sectional view 
schematically showing a first embodiment of a gas tur- 
bine blade according to the present invention. so 
[0042] A reference numeral 1 denotes the whole of a 
gas turbine blade. The gas turbine blade 1 is composed 
of a blade effective section 2 which passes a gas turbine 
driving gas (main stream (flow)) G so as to perform a 
work of expansion, a blade implanted section 3 which is 55 
implanted in a turbine shaft (not shown), a blade shank 
section 4 which continuously connects the blade effec- 
tive section 2 and the blade implanted section 3 integral- 



ly with each other, and a blade platform 5 which is at- 
tached to the blade effective section 2. 
[0043] The blade effective section 2 has a hollow 
shape so as to form a passage for a cooling steam CS, 
for example, an air or steam, and is formed with a blade 
cooling passage 6 at the interior thereof. Moreover, the 
blade implanted section 3 is formed with two passages 

7 and 8 which extend to a radius direction (blade height 
direction) of the gas turbine blade 1 . One of these pas- 
sages 7 and 8 is a supply passage 7 for a cooling steam 
CS and is independently located at a blade leading edge 
9 side of the gas turbine blade 1 . The other one of these 
passages is a recovery passage 8 for the cooling steam, 
and is independently located at a blade trailing edge 10 
side of the gas turbine blade 1 . 

[0044] The supply passage 7 forthe cooling steam CS 
extends from the bottom portion of the blade implanted 
section 3 to a radius direction (blade height direction) of 
the gas turbine blade 1. Further, the supply passage 7 
forks two ways, that is, a leading edge side supply pas- 
sage 7a and a trailing edge side supply passage 7b at 
the blade shank section 4 so that the cooling steam CS 
is supplied to the blade leading edge 9 and the blade 
trailing edge 10 of the blade implanted section 2. The 
trailing edge side supply passage 7b makes an over- 
pass or underpass with the recovery passage 8 for the 
cooling steam at the blade shank section 4 so that the 
supply passage 7 and the recovery passage 8 are inde- 
pendent from each other. 

[0045] The leading edge side supply passage 7a 
communicates with a leading edge passage 11 of the 
blade cooling passage 6 which extends to a radius di- 
rection (blade height direction) of the blade leading edge 
9 of the blade effective section 2. The leading edge pas- 
sage 11 is turned by an angle of 180 0 in its direction at 
a leading edge first bent portion 1 3 of a blade tip section 
1 2 which is a blade distal end of the blade effective sec- 
tion 2 and communicates with a leading edge first inter- 
mediate passage 1 4. 

[0046] The leading edge first intermediate passage 
14 extends straight to a leading edge second bent por- 
tion 15 toward an inner diameter direction (blade plat- 
form side), and is turned by an angle of 180° in its di- 
rection via a guide plate 16, and thus, communicates 
with a leading edge second intermediate passage 17. 
Further, the leading edge second intermediate passage 
17 is turned by an angle of 180 0 in its direction at a 
leading edge third bent portion 1 8 of the blade tip section 
1 2 so as to form a serpentine shape, and then, commu- 
nicates with a leading edge return passage 19. 
[0047] The leading edge return passage 19 extends 
toward an inner diameter direction of the blade effective 
section 2 in the vicinity of the blade middle portion be- 
tween the blade leading edge 9 and the blade trailing 
edge 10, and communicates with the recovery passage 

8 at a blade root section which is the blade platform 5. 
[0048] On the other hand, the trailing edge side supply 
passage 7b also communicates with a trailing edge pas- 
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sage 20 of the blade cooling passage 6 which extends 
to a radius direction (blade height direction) of the blade 
trailing edge 1 0 of the blade effective section 2. The trail- 
ing edge passage 20 is turned by an angle of 180° in its 
direction at a trailing edge first bent portion 21 of the 5 
blade tip section 12 of the blade effective section 2, and 
extends like a serpentine toward an inner diameter di- 
rection (blade platform side) of a trailing edge return 
passage 22, and thus, communicates with the recovery 
passage 8 at a blade root section of the blade platform 5. 10 
[0049] A blade leading edge side cooling passage 23 
and a blade trailing edge side cooling passage 24 are 
independently formed between the blade leading edge 
9 side and the blade trailing edge 10 side of the blade 
effective section 2. As shown in Fig. 1 and Fig. 2, heat is 
transfer accelerating elements 25a and 25b are located 
from the blade root section of the blade platform 5 to- 
ward the blade tip section 1 2 and along each blade wall 
on a ventral side 26 and a back side 27. Further, these 
elements 25a and 25b are arranged an angle of 6 which 20 
is inclined to an advancing flow direction of the cooling 
steam CS, and, in a so-called right ascendant state or 
left ascendant state. More specifically, rod-like ribs hav- 
ing a square or round shape in its cross section extend 
from a partition wall defining respective passages 11, 25 
14, 17, 19, 20, and 22 to adjacent partition wall. 
[0050] Among heat transfer accelerating elements 
25a and 25b, the heat transfer accelerating element 25a 
is located in the blade leading edge side cooling pas- 
sage 23 and is inclined in a right ascendant state to the 30 
advancing flow direction of the cooling steam CS. As 
shown in Fig. 3, a heat transfer accelerating element 
25a-, on the ventral side 26 and a heat transfer acceler- 
ating element 25a 2 on the back side 27 are alternately 
located from an inner diameter direction (blade platform 35 
side) to a radius direction (blade height direction. Thus, 
when the cooling steam CS jumps over the heat transfer 
accelerating element 25a! on the ventral side 26 and 
the heat transfer accelerating element 25a 2 on the back 
side 27, the cooling steam CS flowing through each 40 
space of adjacent back side 27 and ventral side 26 swirls 
up. 

[0051] Further, in the blade trailing edge side cooling 
passage 24, the heat transfer accelerating element 25b 
is located on the blade trailing edge 10 side and is in- 45 
dined in a so-called left ascendant state to the advanc- 
ing flow direction of the cooling steam CS. As shown in 
Fig. 4 and Fig. 5, the heat transfer accelerating element 
25b is shortened in its length, and is arranged in two 
lines of stages. Then, a heat transfer accelerating ele- so 
ment 25b-, (shown by a chain double-dashed line) on 
the ventral side 26 and a heat transfer accelerating el- 
ement 25b 2 (shown by a solid line) on the back side 27 
are alternately located toward a radial direction (blade 
height direction). Likewise, when the cooling steam CS 55 
jumps over the heat transfer accelerating element 25^ 
on the ventral side 26 and the heat transfer accelerating 
element 25b 2 on the back side 27, the cooling steam CS 
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flowing through each space of adjacent back side 27 
and ventral side 26 swirls up. 

[0052] The heat transfer accelerating element 25b is 
also located in the trailing edge return passage 22 of the 
blade trailing edge side cooling passage 24 and is in- 
clined in a left ascendant state to the advancing flow 
direction of the cooling steam CS. Likewise the afore- 
said heat transfer accelerating element 25a located on 
the blade leading side cooling passage 23, a heat trans- 
fer accelerating element 25^ on the ventral side 26 and 
a heat transfer accelerating element 25b 2 on the back 
side 27 are alternately located from the blade tip section 
1 2 toward the blade root section of the blade platform 5. 
[0053] As shown in Fig. 6, the heat transfer acceler- 
ating element 25b located on the blade trailing edge 10 
side may be provided with a heat transfer accelerating 
element 25^ at only one side of the ventral side 26. In 
the case of locating the heat transfer accelerating ele- 
ment 25b t at only one side of the ventral side 26, as 
shown in Fig. 7 and Fig. 8, the heat transfer accelerating 
element 25b! extends along a blade wall of the ventral 
side 26 from the blade root section of the blade platform 
5 toward the blade tip section 12, and is arranged at an 
angle of 0 which is inclined to an advancing flow direc- 
tion of the cooling steam CS, in a so-called left ascend- 
ant state. In the case of supplying much cooling steam 
CS to the blade trailing edge 10 side, the heat transfer 
accelerating element 25bl is located at only one side on 
a ventral side 1 8. By doing so, in particular, it is possible 
to improve a strength on the ventral side 18 receiving a 
high thermal load by a gas turbine driving gas, and fur- 
ther, a pressure loss of the cooling steam CS can be 
reduced. 

[0054] Next, the following is a description on an oper- 
ation of the gas turbine blade according to the present 
invention. 

[0055] The gas turbine blade 1 of this embodiment is 
effectively cooled with a higher heat transfer coefficient 
and at a lower pressure loss of the cooling steam CS 
during a gas turbine operation. 

[0056] In the gas turbine operation, the cooling steam 
CS supplied to the supply passage 7 of the blade im- 
planted section 3 is divided into the leading edge side 
supply passage 7a and the trailing edge side supply 
passage 7b at the blade shank section 4, and then, the 
cooling steam CS thus divided are guided into the blade 
leading edge side supply passage 23 and the blade trail- 
ing edge side cooling passage of the blade cooling pas- 
sage 6, respectively. 

[0057] The cooling steam CS guided to the blade 
leading edge cooling passage 23 is first guided to the 
leading edge passage 11 of the blade effective section 
2. Then, the cooling steam CS guided to the leading 
edge passage 11 has a velocity component crossing in 
the advancing flow direction. Therefore, the cooling 
stream CS flows along the heat transfer accelerating el- 
ement 25a which is inclined in a so-called right ascend- 
ant state. In this case, as shown in Fig. 2, a so-called 
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secondary flows SF 1 and SF 2 are induced with respect 
to the ventral side 26 and the back side, respectively. 
These secondary flows SF, and SF 2 are a circulating 
swirl flowing to a direction shown by an arrow. At this 
time, in the cooling steam CS, a Coriolis force is gener- 
ated as shown in Fig. 10, and further, the cooling steam 
CS flows to the same direction as the circulating swirl 
based on the Coriolis force. For this reason, the second- 
ary flows SFt and SF 2 are accelerated in its direction so 
as to improve a heat transfer coefficient. 
[0058] As described above, in the cooling steam CS, 
these secondary flow SF-, and SF 2 are accelerated in 
its direction by the Coriolis force, and thereby, a heat 
transfer coefficient can be improved. Thus, when the 
cooling steam CS jumps over the heat transfer acceler- 
ating elements 25a 1 and 25a 2 on the ventral side 26 and 
on the back side 27, the cooling steam CS flowing 
through each space of adjacent back side 27 and ventral 
side 26 swirls up, and then, is continuously exchanged 
into a new cooling steam CS, so that a heat transfer co- 
efficient can be increased. Therefore, a wall surface of 
the leading edge passage 11 can be effectively cooled. 
[0059] The cooling steam CS passed through the 
leading edge passage 11 is turned by an angle of 180° 
at the leading edge first bent portion 1 3 of the blade tip 
section 12, and then, flows to the leading edge first in- 
termediate passage 1 4. In this case, the secondary flow 
SF-, and SF 2 of the cooling steam CS has a circulating 
swirl direction shown by an arrow as shown in Fig. 9 
when passing through the leading edge first bent portion 
13. As seen from Fig. 2, the circulating swirl direction 
coincides with the circulating swirl direction of the cool- 
ing steam CS flowing through the leading edge first in- 
termediate passage 1 4, and also, coincides with the cir- 
culating swirl direction by Coriolis force as shown in Fig. 
10. 

[0060] Therefore, the cooling steam CS serves to im- 
prove a heat transfer coefficient because the secondary 
flows SF 1 and SF 2 have the circulating swirl direction 
coincident with each other. 

[0061] The cooling steam CS passed through the 
leading edge first intermediate passage 14 is turned by 
an angle of 180 ° at the leading edge second bent por- 
tion 15, and then, when flowing into the leading edge 
intermediate passage 17, the cooling steam CS is guide 
by means of the guide plate 16. 

[0062] In general, the circulating swirl direction by the 
secondary flow SF A and SF 2 of the cooling steam CS 
becomes reverse when the cooling steam CS is turned 
by an angle of 180 ° at the leading edge second bent 
portion 15. Further, the circulating swirl direction by the 
Coriolis force also becomes reverse. Then, the afore- 
said turned direction circulating swirl is applied to the 
cooling steam CS, and the initial cooling steam CS is 
offset in its circulating swirl direction. As a result, it is 
impossible to maintain a high heat transfer coefficient, 
and because of this reason, in this embodiment, the 
leading edge second bent portion 15 is provided with 



the guide plate 16, and a cross sectional area of the 
leading edge second bent portion 15 is made relatively 
large to reduce a velocity of flow. As a result, the circu- 
lating swirl direction shown in Fig. 2 and the circulating 

s swirl direction shown by the broken line of Fig. 9 coincide 
with each other so that a heat transfer of the cooling 
steam CS can be prevented from being lowered. In this 
case, the circulating swirl direction shown by the broken 
line of Fig. 9 is observed from the blade root section 

10 which is the blade platform 5. 

[0063] The cooling steam CS straight advances from 
the leading edge second intermediate passage 17 to- 
ward a radial direction (blade height direction), and then, 
is turned by an angle of 180 ° at the leading edge third 

is bent portion 18. At this time, the circulating swirl direc- 
tion by the secondary flow SF 1 and SF 2 shown in Fig. 9 
and the direction shown in Fig. 2 and Fig. 10 coincide 
with each other so as to keep a high heat transfer effi- 
cient, and then, the cooling steam CS effectively cools 

20 the leading edge return passage 19, and thereafter, is 
guided to the recovery passage 8. 
[0064] On the other hand, in the blade trailing edge 
side cooling passage 24, the cooling steam CS guided 
to the trailing edge passage 20 also flows along the heat 

25 transfer accelerating elements 25b which are arranged 
in two lines in a so-called left ascendant state inclined 
to the advancing flow direction of the cooling steam CS, 
and then, induces the secondary flows SF 1 and SF 2 in 
the ventral side 26 and the back side 27 as shown in 

30 Fig. 2. These secondary flows SF 1 and SF 2 are a circu- 
lating swirl flowing to a direction shown by an arrow. At 
this time, in the cooling steam CS, a Coriolis force is 
generated as shown in Fig. 10; therefore, the circulating 
swirl direction of these secondary flow SF-, and SF 2 is 

35 the same as the circulating swirl direction based on the 
Coriolis force. Thus, these secondary flows SF 1 andSF 2 
are accelerated in its direction so as to keep a high heat 
transfer coefficient. 

[0065] As described above, in the cooling steam CS, 
40 the secondary flows SF^ and SF 2 are accelerated in its 
direction by the Coriolis force so as to keep a high heat 
transfer coefficient. For this reason, when the cooling 
steam CS jumps over the heat transfer accelerating el- 
ements 25b 1 and 25b 2 on the ventral side 26 and the 
45 back side 27 shown in Fig. 4 and Fig. 5, the cooling 
steam CS in each space of the ventral side 26 and on 
the back side 27 swirls up, and then, is continuously ex- 
changed into a new cooling steam CS so as to improve 
a heat transfer coefficient. Therefore, even if the trailing 
so edge passage has a relatively narrow passage area, it 
is possible to effectively cool a wall surface of the trailing 
edge passage 20. 

[0066] The cooling steam CS passed through the 
blade trailing edge 20 is turned by an angle of 180 ° at 
55 the trailing edge bent portion 21 of the blade tip section 
12, and then, flows to the trailing edge return passage 
22. At this time, the circulating swirl direction by the sec- 
ondary flow SF-, and SF 2 shown in Fig. 9 and the direc- 
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tion shown in Fig. 2 and Fig. 10 coincide with each other 
so as to keep a high heat transfer efficient, and the cool- 
ing steam CS preferably cools the trailing edge return 
passage 22, and thereafter, joins together with the cool- 
ing steam Cs from the leading edge return passage 19 s 
at the recovery passage 8. 

[0067] As described above, in this embodiment, when 
cooling the blade leading edge side cooling passage 23 
and the blade trailing edge side cooling passage 24 of 
the gas turbine blade 1 with the use of the cooling steam io 
CS, in the cooling steam CS, the secondary flows SF^ 
and SF 2 are induced by the heat transfer accelerating 
elements 25a and 25b which are arranged in a right as- 
cendant state or left ascendant state inclined to the ad- 
vancing flow direction of the cooling steam CS. Thus, is 
the circulating swirl based on these secondary flows SF-, 
and SF 2 serves to enhance a heat transfer coefficient, 
particularly making very high at the secondary flow im- 
pinging side, i.e. leading edge 9 and trailing edge 10 
side. This is caused by strong vortex induced by the 20 
leading end portion of elements 25a and 25b and ap- 
proaching fluid of lower temperature and higher speed 
than the circumferential fluid near the wall. Therefore, 
portions 9 and 10 are effectively cooled. Further, the 
heat transfer accelerating elements 25a and 25b locat- 25 
ed on the ventral side 26 and the back side 27 are al- 
ternately located along a radial direction (blade height 
direction), and when the cooling steam CS jumps over 
the heat transfer accelerating elements 25a and 25b lo- 
cated on the ventral side 26 and the back side 27, the 30 
cooling steam CS in each space on the ventral side 26 
and the back side swirls up, and thereby, the cooling 
steam CS is exchanged into a new cooling steam CS 
so as to further enhance a heat transfer coefficient. 
Therefore, it is possible to further effectively cool each 35 
wall surface of the leading edge passage 11 and the 
trailing edge passage 20. 

[0068] Moreover, in this embodiment, the circulating 
swirl based on these secondary flows SF, and SF 2 in- 
duced in cooling passages 23 and 24 is further acceler- 40 
ated in its directivity by the Coriolis force, and the circu- 
lating swirl directions in bent portions 13, 18 and 21 co- 
incide with each other. Therefore, it is possible to further 
restrict a pressure loss of the cooling steam CS. Further, 
when the cooling steam CS is turned by an angle of 1 80° 45 
at the leading edge second bent portion 15, the circu- 
lating swirl direction based on the secondary flows SF 1 
and SF 2 of the leading edge first intermediate passage 
14 and the circulating swirl direction based on the sec- 
ondary flows SF^ and SF 2 based on the Coriolis force so 
become reverse in its direction, and then, the heat trans- 
fer coefficient of the cooling steam CS is reduced. How- 
ever, a cross sectional area of the leading edge second 
bent portion 15 is made relatively large so as to reduce 
a velocity of flow, and the guide plate 16 is provided ss 
therein so as to make smooth the flow of cooling steam 
CS. Therefore, it is possible to restrict a reduction in the 
heat transfer coefficient of the cooling steam CS. 



196 A2 




[0069] Fig. 11 is a longitudinally sectional view sche- 
matically showing a second embodiment of a gas tur- 
bine blade according to the present invention. Inciden- 
tally, like reference numerals are used to designate the 
same components as the first embodiment or parts cor- 
responding thereto. 

[0070] A gas turbine blade 1 of this second embodi- 
ment is provided with passages 28a and 28b which di- 
vide the blade effective section 2 into two parts so as to 
cool the gas turbine blade 1 . One of these passages 28a 
and 28b is a blade trailing edge outer side supply pas- 
sage 28a of the cooling steam CS which is independ- 
ently formed on the blade trailing edge 10 side of the 
gas turbine blade 1 , and the other one of these passag- 
es is a blade trailing edge inner side supply passage 
28b of the cooling steam CS which is independently 
formed inside the aforesaid blade trailing edge outer 
side supply passage 28a. 

[0071] The blade trailing edge outer side supply pas- 
sage 28a of the cooling steam CS communicates with 
a trailing edge passage 20 which extends from the blade 
implanted section 3 to a radial direction (blade height 
direction) of the blade trailing edge 10 of the blade ef- 
fective section 2. The trailing edge passage 20 is bent 
in its cross section at the blade tip section 1 2 which is a 
distal end of the blade effective section 2 so that a blade 
tip section passage 29 is formed. The blade tip section 
passage 29 extends to the blade leading edge 9 side. 
Further, the blade tip section passage 29 is again bent 
at its end portion, and then, communicates with a blade 
leading edge outer side recovery passage 30a via the 
leading edge passage 11 extending to an inner diameter 
direction (the blade root section of the blade platform 5) 
of the blade leading edge 9. 

[0072] Likewise, the blade trailing edge outer side 
supply passage 28b also communicates with a blade 
trailing edge side inner passage 31 which extends from 
the blade implanted section 3 to a radial direction (blade 
height direction) of the blade trailing edge 1 0 of the blade 
effective section 2 and is arranged in parallel with the 
trailing edge passage 20. The blade trailing edge side 
inner passage 31 is turned by 1 80 0 at a first bent portion 
32 of the blade tip section passage 29 and communi- 
cates with an inner first intermediate passage 33 which 
extends toward an inner diameter direction of the blade 
leading edge 9. Further, the blade trailing edge side in- 
ner passage 31 is again turned by 1 80 0 via a guide plate 
16 located on a second bent portion 34 of the inner first 
intermediate passage 33, and then, extends like a ser- 
pentine to an inner second intermediate passage 35. 
Furthermore, the blade trailing edge side inner passage 
31 is turned by 1 80° at a third bent portion 36 of the inner 
second intermediate passage 35 blade tip section pas- 
sage 29 and communicates with a blade leading edge 
side inner recovery passage 30b via a leading edge side 
inner passage 37 which extends to an inner diameter 
direction of the blade leading edge 9. 
[0073] The blade effective section 2 is divided into two 



11 



EP 0 939 196 A2 



parts, that is, an outer cooling passage 38 and an inner 
cooling passage 39 which are independently formed. 
These outer and inner cooling passages 38 and 39 are 
provided with heat transfer accelerating elements 25a 
and 25b. Further, these elements 25a and 25b are ar- 
ranged at an angle of 0 which is inclined in a so-called 
left ascendant state to an advancing flow direction of the 
cooling steam CS flowing from the blade root section of 
the blade platform 5 toward the blade tip section 1 2 and 
the blade tip section passage 29. More specifically, rod- 
like ribs having a square or round shape in its cross sec- 
tion extend from a partition wall defining respective pas- 
sages 20, 29, 11 , 31 , 33, 35 and 37 to adjacent partition 
wall. 

[0074] Also, these heat transfer accelerating ele- 
ments 25a and 25b are alternately located on the ventral 
side and the back side like the first embodiment. 
[0075] As described above, in this second embodi- 
ment, the blade effective section 2 is divided into two 
parts, that is, an outer cooling passage 38 and an inner 
cooling passage 39 which are independently formed, 
and much cooling steam is supplied by the blade trailing 
edge 10 and the blade leading edge 9. Further, the re- 
spective passages 38 and 39 are provided with heat 
transfer accelerating elements 25a and 25b which are 
inclined in a left ascendant state so as to further improve 
a heat transfer coefficient of the cooling steam CS. 
Therefore, it is possible to effectively cool the blade 
leading edge 9 and the blade trailing edge 10 which 
have not sufficiently been cooled before because a pas- 
sage area is relatively small. 

[0076] Moreover, in this second embodiment, the out- 
er cooling passage 38 and the inner cooling passage 39 
formed in the blade effective section 2 are each simpli- 
fied in its structure, so that the cooling steam CS can be 
relatively smooth supplied. In particular, the outer cool- 
ing passage 38 is formed into one straight path, so that 
a pressure loss of the cooling steam CS can be restrict- 
ed. 

[0077] Fig. 12 is a longitudinally sectional view sche- 
matically showing a third embodiment of a gas turbine 
blade according to the present invention. Incidentally, 
like reference numerals are used to designate the same 
components as the first embodiment or parts corre- 
sponding thereto. 

[0078] A gas turbine blade 1 of this third embodiment 
has basically the same construction as that of the first 
embodiment. The heat transfer accelerating element 
25a is located from the leading edge first intermediate 
passage 14 to the leading edge second intermediate 
passage 17 through the leading edge second bent por- 
tion 15. Further, the heat transfer accelerating element 
25a is arranged at an angle of G inclined to the advanc- 
ing flow direction of the cooling steam CS in a so-called 
left ascendant state in place of the right ascendant state. 
On the other hand, the heat transfer accelerating ele- 
ment 25b located in the trailing edge return passage 22 
is arranged in two lines of stages and located at an angle 



of 9 inclined to the advancing flow direction of the cool- 
ing steam CS in a so-called left ascendant state. 
[0079] As described above, in this embodiment, when 
the cooling steam CS is turned by 180 0 at the leading 

5 edge second bent portion 1 5, the circulating swirl direc- 
tion based on the secondary flows SF 1 and SF 2 of the 
leading edge first intermediate passage 14 and the cir- 
culating swirl direction based on the secondary flows 
SF 1 and SF 2 by the Coriolis force become reverse. In 

io order to prevent the heat transfer coefficient of the cool- 
ing steam CS from being lowered, the heat transfer ac- 
celerating element 25a is located in a so-called left as- 
cendant state inclined to the advancing flow direction of 
the cooling steam CS so that the circulating swirl direc- 
ts tion based on the secondary flows SF 1 and SF 2 of the 
leading edge first intermediate passage 1 4, the circulat- 
ing swirl direction based on the secondary flows SF 1 and 
SF 2 of the cooling steam CS which flows through the 
leading edge second intermediate passage 17 via the 

20 leading edge second bent portion 1 5, and the circulating 
swirl direction based on the secondary flows SF 1 and 
SF 2 by the Coriolis force, coincide with each other. 
Therefore, it is possible to keep the cooling steam CS 
at a high heat transfer coefficient. 

25 [0080] Further, in this third embodiment, the heat 
transfer accelerating element 25b located in the trailing 
edge return passage 22 is arranged in two lines of stag- 
es, so that a heat transfer of the cooling steam can be 
further improved. 

30 [0081] Fig. 13 is a longitudinally sectional view sche- 
matically showing a fourth embodiment of a gas turbine 
blade according to the present invention. Incidentally, 
like reference numerals are used to designate the same 
components as the first embodiment or parts corre- 

35 sponding thereto. 

[0082] A gas turbine blade 1 of this embodiment has 
basically the same construction as the third embodi- 
ment. The heat transfer accelerating element 25a 1 
(shown by a chain double-dashed line) is located on a 

40 blade wall on the ventral side of the leading edge second 
intermediate passage 17, and on the other hand, the 
heat transfer accelerating element 25a 2 (shown by a 
solid line) is located on a blade wall on the back side 
thereof. Among these heat transfer accelerating ele- 

45 ments 25a 1 and 25a 2 , the heat transfer accelerating el- 
ement 25a-, located on the ventral side is arranged at 
an angle of 0 1 which is a so-called left ascendant state 
inclined to the advancing flow direction of the cooling 
steam CS, and on the other hand, the heat transfer ac- 

50 celerating element 25a 2 located on the back side is ar- 
ranged at an angle of 0 2 which is a so-called left as- 
cendant state inclined to the advancing flow direction of 
the cooling steam CS. In this case, these angles have 
the following relation of 0 2 > 0 1 . 

55 [0083] In general, in the gas turbine blade 1 , the back 
side receives a higher thermal load as compared with 
the ventral side when a gas turbine driving gas G passes 
therethrough. For this reason, it is preferable that a cir- 
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culating swirl based on the secondary flow SF 2 by the 
heat transfer accelerating element 25a 2 located on the 
back side is made larger so as to improve a heat transfer 
coefficient of the cooling steam CS. However, in actual 
fact, the circulating swirl based on the secondary flow s 
SF 1 by the Coriolis force is generated in the ventral side, 
and because of this reason, this circulating swirl on the 
ventral side is larger than that generated in the back 
side. 

[0084] In this embodiment, considering the technical to 
background as described above, in order to make small 
the circulating swirl generated in the ventral side and to 
relatively made large the circulating swirl generated in 
the back side, the inclination angle e 2 of the heat trans- 
fer accelerating element 25a 2 to the advancing flow di- is 
rection of the cooling steam CS is made lager than the 
inclination angle 9 1 of the heat transfer accelerating el- 
ement 25a! to the advancing flow direction of the cooling 
steam CS. 

[0085] Therefore, in this embodiment, the circulating 20 
swirl generated in the back side is made relatively larger 
than the circulating swirl generated in the ventral side 
so as to make a balance of the heat transfer coefficient 
of the cooling steam CS, so that the back side and the 
ventral side can be uniformly cooled. 25 
[0086] Moreover, in this embodiment, the heat trans- 
fer accelerating element 25a is located from the leading 
edge second intermediate passage 17 to the leading 
edge return passage 19 via the leading edge third bent 
portion 18. Further, the heat transfer accelerating ele- 30 
ment 25a is arranged at an angle of 0 to the advancing 
flow direction of the cooling steam CS and is alternately 
changed from the so-called left ascendant state to the 
right ascendant state, and, is again changed into the left 
ascendant state. 35 
[0087] As described above, in this fourth embodi- 
ment, the heat transfer accelerating element 25a is lo- 
cated from the leading edge second intermediate pas- 
sage 17 to the leading edge return passage 19 via the 
leading edge third bent portion 18. Further, the heat 40 
transfer accelerating element 25a is alternately 
changed from the so-called left ascendant state to the 
right ascendant state and is again changed into the left 
ascendant state. By doing so, the circulating swirl direc- 
tion based on the secondary flows SF-, and SF 2 by the *s 
heat transfer accelerating element 25a and the circulat- 
ing swirl direction based on the secondary flows SF-, and 
SF 2 by the Coriolis force, always coincide with each oth- 
er. Therefore, it is possible to keep the cooling steam 
CS at a high heat transfer coefficient. The heat transfer so 
accelerating element 25a has been located at an angle 
of 0 to the advancing flow direction of the cooling steam 
CS and is alternately changed from the so-called left as- 
cendant state to the right ascendant state and is again 
changed into the left ascendant state. As shown in Fig. ss 
14, the heat transfer accelerating element 25a may be 
formed so as to have a length extending to a wall surface 
defining the leading edge return passage 1 9 or so as to 



have a relatively short length. Furthermore, as shown in 
Fig. 15, the heat transfer accelerating element 25a may 
be formed in the following manner. That is, the heat 
transfer accelerating elements 25a may be successively 
made short from the heat transfer accelerating elements 
25a having a length extending to a wall surface defining 
the leading edge return passage 19 and may be suc- 
cessively made long so as to correspond thereto. 
[0088] Further, in the leading edge return passage 1 9, 
the heat transfer accelerating element 25a is changed 
from the right ascendant state inclined at an angle of 0 
to the left ascendant state inclined at an angle of 0. As 
shown in Fig. 16, the heat transfer accelerating element 
25a may be arranged in the following manner. First, the 
heat transfer accelerating element having a relatively 
short length is arranged in a right ascendant inclined 
state, and next, is arranged in a left ascendant inclined 
state in order. Further, as shown in Fig. 17, the heat 
transfer accelerating element having a relatively short 
length may be arranged with a combination of the right 
ascendant inclined state and the left ascendant inclined 
state. 

[0089] In each case of Fig. 14 to Fig. 17, when the 
cooling steam Cs is turned by an angle of 180 0 at the 
leading edge third bent portion 18, the circulating swirl 
direction based on the secondary flows SF-, and SF 2 by 
the heat transfer accelerating element 25a in the leading 
edge return passage 19 and the circulating swirl direc- 
tion based on the secondary flows SF 1 and SF 2 by the 
Coriolis force, always coincide with each other. There- 
fore, it is possible to keep the cooling steam CS at a high 
heat transfer coefficient. 

[0090] Further, in this fourth embodiment, as shown 
in Fig. 18, a relatively short heat transfer accelerating 
element 25a is located on each middle portion of the 
leading edge first intermediate passage 14, the leading 
edge second intermediate passage 17 and the leading 
edge return passage 1 9 excluding each peripheral por- 
tion of the leading edge first bent portion 1 3, the leading 
edge second bent portion 1 5 and the leading edge third 
bent portion. The relatively short heat transfer acceler- 
ating element 25a is arranged successively in a left as- 
cendant state, a right ascendant state and a right as- 
cendant state (Fig. 18), inclined to the advancing flow 
direction of the cooling steam CS, that is, in at least three 
lines or more. The heat transfer accelerating element 
25a arranged in at least three lines or more may be lo- 
cated on the ventral side (shown by a chain double- 
dashed line) and on the back side (shown by a solid 
line). In this case, as shown in Fig. 19, the heat transfer 
accelerating element 25a is arranged in a manner that 
a heat transfer accelerating element 25a A located on the 
ventral side 26 and a heat transfer accelerating element 
25a 2 located on the back side 27 are alternately located 
with respect to the advancing flow direction of the cool- 
ing steam CS. 

[0091] As described above, in this embodiment, the 
heat transfer accelerating element 25a is arranged suc- 



13 



EP 0 939 196 A2 



cessivety in a right ascendant state and a left ascendant 
state, inclined to the advancing flow direction of the cool- 
ing steam CS, that is, in at least three lines of stages or 
more. Further, the heat transfer accelerating element 
25a-, located on the ventral side 26 and the heat transfer s 
accelerating element 25a 2 located on the back side 27 
are alternately located so as to further improve a heat 
transfer coefficient of the cooling steam CS. Therefore, 
it is possible to effectively make convection cooling with 
respect to each intermediate portion of passages 14,17 1 o 
and 1 9. 

[0092] Fig. 20 is a view schematically showing anoth- 
er embodiment of the heat transfer accelerating element 
located on a cooling passage formed in a blade effective 
section of the gas turbine blade according to the present is 
invention. 

[0093] In the gas turbine blade 1 of the present inven- 
tion, the blade effective section 2 is formed with the 
blade leading edge side cooling passage 23 and the 
trailing edge side cooling passage 24. These passages 20 
23 and 24 are provided with a heat transfer accelerating 
element 40 according to this embodiment. 
[0094] The heat transfer accelerating element 40 ac- 
cording to this embodiment is arranged in a plurality of 
lines of stages with respect to a direction crossing the 2s 
advancing flow direction of the cooling steam CS which 
flows through the blade leading edge side cooling pas- 
sage 23 and the trailing edge side cooling passage 24 
formed in the blade effective section 2. Further, the heat 
transfer accelerating element 40 is arranged in a man- 30 
ner that a pitch P between an upstream side heat trans- 
fer accelerating element 40 and a downstream side heat 
transfer accelerating element 40 is made constant, and 
is located at an angle of 0 in a right ascendant state in- 
clined to the advancing flow direction of the cooling 35 
steam CS. 

[0095] When the heat transfer accelerating element 
40 has a heat transfer accelerating element leading 
edge 41 (i.e. leading end which is an upstream end of 
such an element) on an upstream side of the cooling 40 
steam CS and a heat transfer accelerating element 
leading edge 42 on a downstream side thereof, as 
shown in Fig. 20 and Fig. 21 , a ventral side line 43 con- 
necting the heat transfer accelerating element leading 
edge 41 and the heat transfer accelerating element 4S 
leading edge 42 is formed into a straight line. On the 
other hand, a back side line 44 connecting the heat 
transfer accelerating element leading edge 41 and the 
heat transfer accelerating element leading edge 42 is 
formed into a curved line (like a convex) which is bulged 50 
outwardly. 

[0096] If the ventral side line 43 is formed into a curved 
line (like a convex) which is bulged outwardly, the cool- 
ing steam CS collides with the heat transfer accelerating 
element leading edge 41 , and then, a flow of a circulat- 55 
ing swirl based on the secondary flow induced by colli- 
sion is made worse and is stagnant. Moreover, if the 
ventral side line 43 is formed into a curved line (like a 



concave) which is bulged inwardly, the circulating swirl 
based on the aforesaid secondary flow is made stagnant 
due to the heat transfer accelerating element trailing 
edge 42. Therefore, it is the most proper way to form the 
ventral side line 43 into a straight line. 
[0097] In order to preferably guide the circulating swirl 
based on the secondary flow induced when the cooling 
steam CS collides with the heat transfer accelerating el- 
ement leading edge 41 to the heat transfer accelerating 
element trailing edge 42, it is the most proper way that 
the back side line 44 is formed into a curved line (like a 
convex) which is bulged outwardly. 
[0098] Assuming that a height of the heat transfer ac- 
celerating element 40 on the upstream and downstream 
sides of the cooling steam CS is set as n e°, and that a 
pitch between the upstream side heat transfer acceler- 
ating element 40 and the downstream side heat transfer 
accelerating element 40 is set as "P", a ratio P/e of the 
pitch P to the height e is set to P/e = 3 to 20 which is a 
proper value as shown in Fig. 22. 
[0099] In general, the cooling steam CS separated 
from the back side line 44 of the upstream side heat 
transfer accelerating element 40 flows to the down- 
stream side, and when it again adheres to the blade wall, 
a heat transfer coefficient becomes high. The heat 
transfer coefficient lowers before and after the cooling 
steam CS again adheres to the blade wall. This embod- 
iment was made by taking the above matter into consid- 
eration, and a ratio of a distance where the cooling 
steam CS again adheres to the blade wall and the height 
n e n of the heat transfer accelerating element 40 is about 
2 to 3 when observed from the back side line 44. For 
this reason, if the pitch P between the upstream side 
heat transfer accelerating element 40 and the down- 
stream side heat transfer accelerating element 40 is 
made small, the cooling steam CS is prevented from 
again adhering to the blade wall. If the pitch P is made 
large, a high heat transfer distribution is scattered. In 
each case, an average heat transfer coefficient lowers, 
and then, changes as shown in Fig. 22. 
[0100] Therefore, in this embodiment, the ratio P/e of 
the pitch P of the upstream side heat transfer acceler- 
ating element 40 and the downstream side heat transfer 
accelerating element 40 to the height "e" of the heat 
transfer accelerating element 40 is set to P/e = 3 to 20 
which is a proper value. 

[0101] As described above, in this embodiment, the 
heat transfer accelerating element 40 is located in the 
blade leading edge side cooling passage 23 and the 
blade trailing edge side cooling passage 24 which are 
formed in the blade effective section 2, and is arranged 
in a plurality of lines of stages at an angle of 9 in a so- 
called right ascendant state inclined to the advancing 
flow direction of the cooling steam CS. Further, the ven- 
tral side line 43 connecting the heat transfer accelerat- 
ing element leading edge 41 and the heat transfer ac- 
celerating element leading edge 42 of the heat transfer 
accelerating element 40 is formed into a straight line. 
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On the other hand, the back side line connecting the 
heat transfer accelerating element leading edge 41 and 
the heat transfer accelerating element leading edge 42 
is formed into a curved line (like a convex) which is 
bulged outwardly. By doing so, a vertical (longitudinal) 
swirl "V" based on the secondary flow, induced when 
the cooling steam CS collides with the heat transfer ac- 
celerating element leading edge 41 , swirls up by means 
of the straight ventral side line 43, and then, the swirled- 
up vertical swirl V swirls down by means of the back side 
line 44 so that the vertical swirl can be effectively used, 
and thus, a heat transfer coefficient of the cooling steam 
CS can be improved. Therefore, it is possible to effec- 
tively and preferably cool the interior of the blade effec- 
tive section 2 of the gas turbine blade 1 . 
[01 02] Moreover, in this embodiment, in order that the 
cooling steam CS separated from the heat transfer ac- 
celerating element 40 again adheres to the blade wall, 
the height of the heat transfer accelerating element 40 
on the upstream and downstream sides of the cooling 
steam CS is set as "e", and the pitch between the up- 
stream side heat transfer accelerating element 40 and 
the downstream side heat transfer accelerating element 
40 is set as a P n , and then, a ratio P/e of the pitch n P D to 
the height "e" is set to P/e = 3 to 20. Thus, the cooling 
steam CS again adheres to the blade wall, so that the 
heat transfer coefficient can be made high. Accordingly, 
it is possible to further effectively cool the interior of the 
blade effective section 2 of the gas turbine blade 1 . 
[0103] Fig. 23 is a perspective view schematically 
showing still another embodiment of the heat transfer 
accelerating element located on a cooling passage 
formed in a blade effective section of the gas turbine 
blade according to the present invention. 
[0104] A heat transfer accelerating element 45 of this 
embodiment has a heat transfer accelerating element 
leading edge 46 on an upstream side of the cooling 
steam CS and a heat transfer accelerating element trail- 
ing edge 47 on a downstream side thereof. A turning 
portion 48 is formed on an intermediate portion between 
the heat transfer accelerating element leading edge 46 
and the heat transfer accelerating element trailing edge 
47. Further, a ventral side surface 49 connecting the 
heat transfer accelerating element leading edge 46 and 
the turning portion 48 is formed into a straight line, and 
a back side surface 50 connecting the heat transfer ac- 
celerating element leading edge 46 and the turning por- 
tion 48 is formed into a curved surface 51 which is 
bulged outwardly (like convex). The back side surface 
50 connecting the intermediate portion and the turning 
portion 48 is formed into a straight surface 52. A turning 
ventral side surface 53 connecting the turning portion 
48 and the heat transfer accelerating element trailing 
edge 47 is formed like a straight line, and then, is grad- 
ually bent toward the bask side surface 50. On the other 
hand, a turning back side surface 54 connecting the 
turning portion 48 and the heat transfer accelerating el- 
ement trailing edge 47 is formed like a straight line. 



[0105] The heat transfer accelerating element 45 of 
this embodiment has a top portion 55 which is formed 
like a flat when viewing it from an arrow G direction, a 
bottom portion 56 which is fixed onto the blade wall 57. 
s Further, the heat transfer accelerating element 45 is 
formed so as to substantially have a parallelogram in its 
cross section. 

[01 06] As shown in Fig. 25, in the ventral side surface 
49, assuming that an inclination angle in a height direc- 
tion from the blade wall 57 of the cooling passage to the 
top portion 55 is set as 0 a, the inclination angle 9 a is 
set within a range expressed by the following equation, 

[Mathematical Equation 2] 
30° ^ 9 a ^ 60 ° . 

[0107] The following is the reason why the inclination 
angle of the ventral side surface is set to the aforesaid 
range. As shown in Fig. 28, if the inclination angle 0a 
exceeds an angle of 60° or more with respect to the 
blade wall 57, and is in a vertical state, there is a case 
where the cooling steam Cs jumps over the top portion 
55. However, most of the cooling steam CS collides with 
the ventral side surface, and then, a swirl is generated. 
As a result, a pressure loss of the cooling steam CS in- 
creases. Conversely, if the inclination angle 0a is set to 
30° or less, a heat transfer coefficient of the cooling 
steam CS becomes low. In order to prevent the swirl 
from being generated, it is preferable that the inclination 
angle 0 a of the ventral side surface 49 is set to 45 ° in 
the following manner that an inclination angle shown by 
a broken line connecting a separation point S on the 
blade wall 57 of the cooling steam CS and the top portion 
55. 

[0108] Moreover, in the heat transfer accelerating el- 
ement trailing edge 47, as shown in Fig. 27, assuming 
that an inclination angle to the blade wall 57 of the cool- 
ing passage is set as 0 b, the inclination angle 0b is set 
within a range expressed by the following equation, 

[Mathematical Equation 3] 
30° ^ 0 b ^ 60 ° . 

[0109] If the heat transfer accelerating element trail- 
ing edge 47 has an inclination angle 0 b exceeding an 
angle of 60° to the blade wall 57, the ventral side surface 
49 and the turning ventral side surface 53 of the turning 
portion 48 cross each other at an acute angle. As shown 
in Fig. 29, the secondary flow of the cooling steam CS 
is separated at the turning portion 48, and for this rea- 
son, a pressure loss is increased. On the contrary, if the 
inclination angle 0 b is smaller than an angle of 30° , the 
heat transfer accelerating element trailing edge 47 ex- 
tends to the downstream side heat transfer accelerating 
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element leading edge of the adjacent the heat transfer 
accelerating element arranged in a plurality of lines of 
stages. Accordingly, it is possible to prevent a flow of 
the cooling steam flowing through the adjacent down- 
stream side heat transfer accelerating element. s 
[0110] As shown in Fig. 26, in the turning portion 48, 
assuming that inclination angles of the turning ventral 
side surface 53 and the turning back side surface 54 are 
respectively set as 0 c, 0 d to the blade wall 57 of the 
cooling passage, the inclination angles 8 c and 8 d are 10 
set within a range expressed by the following equation, 

[Mathematical Equation 4] 
30° < 8 c, 8 d £ 60 0 . 



196 A2 




[0114] The inclination angle 8 a in a height direction 
from the blade wall 57 of the cooling passage to the top 
portion 55 is set to a range from 30° to 60°, and the ven- 
tral side surface 49 from the heat transfer accelerating 
element leading edge 45 to the turning portion 48 is 
formed into a straight line. In the straight line, as shown 
in Fig. 23, assuming that an angle intersecting the ad- 
vancing flow direction of the cooling steam CS to the 
blade wall of the cooling passage is set as 8 e, this in- 
clination angle 8 e is set within a range expressed by 
the following equation, 

[Mathematical Equation 5] 
30° =i 8 e ^ 60° . 



[0111] In general, the secondary flow of the cooling 
steam CS flowing along the back side surface 50 of the 
heat transfer accelerating element 45 becomes the 
maximum velocity of flow at a portion where a curvature 
of the heat transfer accelerating element leading edge 

46 is large, and thereafter, flows inertially. However, the 
secondary flow is gradually decelerated while flowing to 
the heat transfer accelerating element trailing edge 47, 
and for this reason, separation is easy to be generated. 
In this case, when deceleration and separation are re- 
markably observed, there is generated a reverse flow 
from the heat transfer accelerating element trailing edge 

47 to the heat transfer accelerating element leading 
edge 46. Therefore, a pressure loss becomes large. 
Considering the problem mentioned above into consid- 
eration, in this embodiment, the turning ventral side sur- 
face 53 and the turning back side surface 54 are formed 
like a straight line from the turning portion 48 to the heat 
transfer accelerating element trailing edge 47 in a man- 
ner that the back side surface 50 is formed by a combi- 
nation of the curved surface 51 extending outwardly and 
the straight surface 52 so as to connect the turning por- 
tion 48. 

[0112] If the turning ventral side surface 53 and the 
turning back side surface 54 respectively have the incli- 
nation angles 8 c and 8 d exceeding an angle of 60° to 
the blade wall 57, as shown in Fig. 30, a counter vortex 
(swirl generated with the secondary flow) of the cooling 
steam CS is generated; for this reason, a pressure loss 
becomes large. If the inclination angles 8 c and 8 d are 
smaller than an angle of 30°, it is impossible to improve 
a heat transfer coefficient of the cooling steam CS. 
[0113] Therefore, in this embodiment, taking the 
aforesaid behavior of cooling steam CS into considera- 
tion, the inclination angles 8 c and 8 d of turning ventral 
side surface 53 and the turning back side surface 54 to 
the blade wall 57 are set to a range from 30° to 60°. 
Further, in order to reduce a pressure loss of the cooling 
steam CS and improve a heat transfer coefficient, it is 
preferable that these inclination angles 8 c and 8 d are 
set to an angle of 45°. 



[0115] The following is the reason why the intersec- 
tion angle 8 e of the straight line of ventral side surface 
20 49 and the advancing flow direction of the cooling steam 
CS is set to the aforesaid range. If the intersection angle 
8 e exceeds an angle of 60°, the secondary flow of the 
cooling steam CS is restricted. Moreover, if the intersec- 
tion angle 8 e is smaller than an angle of 30° , the vertical 
25 swirl V shown in Fig. 21 is not effectively used; as a re- 
sult, it is impossible to improve a heat transfer coefficient 
of the cooling steam CS. The intersection angle 8 of the 
straight line of the ventral side line 43 shown in Fig. 20 
and Fig. 21 and the advancing flow direction of the cool- 
so ing steam CS is set to that range from 30° to 60°, like 
the above description. 

[0116] Fig. 31 is a system diagram schematically 
showing a steam cooling supply/recovery system when 
supplying and recovering a steam as a cooling medium 
35 to the heat transfer accelerating element located on a 
cooling passage formed in a blade effective section of 
the gas turbine blade according to the present invention. 
[0117] A recent thermal power generation plant is 
mainly transferring to a combined cycle power genera- 
te tion plant which is constructed in a manner of combining 
a gas turbine plant 62 comprising a generator 58, an air 
compressor 59, a gas turbine combustor 60 and a gas 
turbine 61 with a steam turbine plant 63 and an exhaust 
heat recovery boiler 64. 
45 [0118] In this combined cycle power generation plant, 
an exhaust heat gas G, which finishes a work of expan- 
sion in the gas turbine 61 , is used as a heat source, and 
then, a steam is generated in the exhaust heat recovery 
boiler 64. The steam thus generated is guided to the 
50 steam turbine 63 and performs a work of expansion so 
as to drive the generator 65. In this case, the gas turbine 
blade 1 as shown in Fig. 1 , Fig. 1 1 , Fig. 1 2 and Fig. 1 3 
is incorporated into the gas turbine 61 . Further, the gas 
turbine blade 1 is provided with a cooling steam supply 
55 system 66 for guiding a turbine extraction from the 
steam turbine 63 and a steam recovery system 67 for 
recovering the steam to the steam turbine 63 after 
cooled the gas turbine blade 1 . 
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[0119] As described above, in the present embodi- 
ment, the turbine extraction from the steam supply sys- 
tem 66 of the steam turbine 63 is supplied as a cooling 
medium to the heat transfer accelerating element locat- 
ed in the gas turbine blade 1 and the steam cools the s 
gas turbine blade 1, and thereafter, is recovered to the 
steam turbine 63 via the steam recovery system 67. 
Therefore, even if the gas turbine driving gas is made 
high temperature, it is possible to keep a high strength 
of the gas turbine blade 1 , and improve a plant heat ef- io 
ficiency. 

[0120] It is to be noted that the present invention is 
not limited to the described embodiments and many oth- 
er changes and modifications may be made without de- 
parting from the scopes of the appended claims. is 



Claims 

1. A gas turbine blade provided with a hollow blade 20 
effective section and a blade implanted section op- 
erattvely connected to the blade effective section, 
said gas turbine blade including: 

a leading edge passage for guiding a cooling 25 
medium from a supply passage of the blade im- 
planted section on a blade leading edge side of 
the hollow blade effective section; 
leading edge intermediate passages following 
the leading edge passage; and 30 
a trailing edge passage for guiding the cooling 
medium from a supply passage of a blade im- 
planted section on a blade trailing edge side of 
the hollow blade effective section, 3. 
said leading edge passage being provided with 35 
a heat transfer accelerating element which is 
arranged in a right ascendant state inclined to 
an advancing flow direction of the cooling me- 
dium when supplying the cooling medium from 
the blade implanted section to a blade tip sec- 40 4. 
tion side or left (leading edge side) ascendant 
state form the blade tip section to the blade im- 
planted section, or 

said trailing edge passage being provided with 

a heat transfer accelerating element which is 45 5. 

arranged in a left (trailing edge counter side) 

ascendant state inclined to the advancing flow 

direction of the cooling medium when supplying 

the cooling medium from the blade implanted 

section to a blade tip section side. so 

2. A gas turbine blade provided with a hollow blade 
effective section and a blade implanted section op- 
eratively connected to the blade effective section, 6. 
said gas turbine blade including: ss 

a leading edge passage for guiding a cooling 
medium from a supply passage of the blade im- 



planted section on a blade leading edge side of 
the hollow blade effective section; 
a leading edge intermediate passages for sup- 
plying a cooling medium like a serpentine via a 
leading edge bent portion formed on a blade tip 
section side and on a blade implanted section 
side; 

a leading edge return passage for recovering 
the cooling medium from the leading edge in- 
termediate passage to a recovery passage of 
the blade implanted section; 
a trailing edge passage for guiding the cooling 
medium from a supply passage of the blade im- 
planted section on a blade trailing edge side of 
the hollow blade effective section; and 
a trailing edge return passage for recovering 
the cooling medium to a recovery passage of 
the blade implanted section via a trailing edge 
bent portion formed on the blade tip section 
side, 

said leading edge passage, said leading edge 
intermediate passage and said leading edge 
return passage being provided with a heat 
transfer accelerating element which is ar- 
ranged in a right ascendant state or left ascend- 
ant state inclined to an advancing flowdirection 
of the cooling medium, and 
said trailing edge passage and said trailing 
edge return passage being provided with a heat 
transfer accelerating element which is ar- 
ranged in a left ascendant state inclined to the 
advancing flow direction of the cooling medium. 

A gas turbine blade according to claim 1 or 2, 
wherein said heat transfer accelerating element lo- 
cated on the leading edge passage or on the trailing 
edge passage is alternately arranged with respect 
to a blade wall on a ventral side and a back side. 

A gas turbine blade according to claim 1 or 2, 
wherein said heat transfer accelerating element lo- 
cated on the leading edge passage or on the trailing 
edge passage is arranged in plural lines of stages. 

A gas turbine blade according to claim 4, wherein 
said heat transfer accelerating element located on 
the leading edge passage or on the trailing edge 
passage is arranged in plural lines of stages, and 
the heat transfer accelerating element located on 
one line is alternately arranged with respect to a 
heat transfer accelerating element located on an 
adjacent line. 

A gas turbine blade according to claim 1 or 2, 
wherein said heat transfer accelerating element lo- 
cated on the trailing edge passage is arranged on 
only blade wall on the ventral side. 
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7. A gas turbine blade according to claim 2, wherein 
said leading edge bent portion on the blade implant- 
ed section side of the leading edge intermediate 
passage is provided with a guide plate. 

8. A gas turbine blade provided with a hollow blade 
effective section and a blade implanted section op- 
eratively connected to the blade effective section, 
said gas turbine blade including: 

a trailing edge passage for guiding a cooling 
medium from a blade trailing edge outer side 
supply passage of the blade implanted section 
on a blade trailing edge side of the hollow blade 
effective section; 

a leading edge passage for recovering the cool- 
ing medium from the trailing edge passage to 
a blade leading edge outer side recovery pas- 
sage of the blade implanted section via a blade 
tip section passage formed on a blade tip sec- 
tion side; 

a blade trailing edge inner side passage which 
is formed on an inner side of the trailing edge 
passage, the blade tip section passage and the 
leading edge passage, and guides the cooling 
medium from a blade trailing edge inner side 
supply passage independent from the blade 
trailing edge outer side supply passage; 
an inner side intermediate passage for guiding 
the cooling medium like a serpentine via a bent 
portion formed on the blade tip section passage 
side and on the blade platform side; and 
a leading edge inner side passage for recover- 
ing the cooling medium from the inner side in- 
termediate passage to a blade leading edge in- 
ner side recovery passage independent from 
the blade leading edge outer side recovery pas- 
sage, 

said trailing edge passage, said blade tip sec- 
tion passage, said leading edge passage, said 
blade trailing edge inner side passage, said in- 
ner side intermediate passage and said leading 
edge inner side passage being provided with 
heat transfer accelerating elements which are 
arranged in a left ascendant state inclined to 
the advancing flow direction of the cooling me- 
dium. 

9. A gas turbine blade according to claim 8, wherein a 
guide plate is provided at a bent portion on the blade 
platform side of the inner side intermediate pas- 
sage. 

10. A gas turbine blade provided with a hollow blade 
effective section and a blade implanted section op- 
eratively connected to the blade effective section, 
said gas turbine blade including: 



a leading edge passage for guiding a cooling 
medium from a supply passage of a blade im- 
planted section on a blade leading edge side of 
a hollow blade effective section; 
5 a leading edge intermediate passages for sup- 

plying a cooling medium like a serpentine via a 
leading edge bent portion formed on a blade tip 
section side and on a blade implanted section 
side; 

10 a leading edge return passage for recovering 

the cooling medium from the leading edge in- 
termediate passage to a recovery passage of 
the blade implanted section; 
a trailing edge passage for guiding the cooling 

i s medium from a supply passage of the blade im- 

planted section on a blade trailing edge side of 
the hollow blade effective section; and 
a trailing edge return passage for recovering 
the cooling medium to a recovery passage of 

20 the blade implanted section via a trailing edge 

bent portion formed on the blade tip section 
side, 

said leading edge passage being provided with 
a heat transfer accelerating element which is 
25 arranged in a right ascendant state inclined to 

an advancing flow direction of the cooling me- 
dium, 

said leading edge intermediate passage on an 
upstream side of the cooling medium of the 

30 leading edge intermediate passages being pro- 

vided with a heat transfer accelerating element 
which is arranged in a right ascendant state in- 
clined to the advancing flow direction of the 
cooling medium, 

35 said adjacent leading edge intermediate pas- 

sage on a downstream side of the cooling me- 
dium being provided with a heat transfer accel- 
erating element which is arranged in a left as- 
cendant state inclined to the advancing flow di- 

40 rection of the cooling medium, 

said leading edge return passage being provid- 
ed with a heat transfer accelerating element 
which is arranged in a right ascendant state in- 
clined to the advancing flow direction of the 

45 cooling medium, and 

said trailing edge passage and said trailing 
edge return passage being provided with a heat 
transfer accelerating element which is ar- 
ranged in a left ascendant state inclined to the 

50 advancing flow direction of the cooling medium. 

11. A gas turbine blade provided with a hollow blade 
effective section and a blade implanted section op- 
eratively connected to the blade effective section, 
55 said gas turbine blade including: 

a leading edge passage for guiding a cooling 
medium from a supply passage of a blade im- 
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planted section on a blade leading edge side of 
a hollow blade effective section; 
a leading edge intermediate passages for sup- 
plying a cooling medium like a serpentine via a 
leading edge bent portion formed on a blade tip s 
section side and on a blade implanted section 
side; 

a leading edge return passage for recovering 
the cooling medium from the leading edge in- 
termediate passage to a recovery passage of 10 
the blade implanted section; 
a trailing edge passage for guiding the cooling 
medium from a supply passage of the blade im- 
planted section on a blade trailing edge side of 
the hollow blade effective section; and is 
a trailing edge return passage for recovering 
the cooling medium to a recovery passage of 
the blade implanted section via a trailing edge 
bent portion formed on the blade tip section 
side, 20 
said leading edge passage being provided with 
a heat transfer accelerating element which is 
arranged in a right ascendant state inclined to 
an advancing flow direction of the cooling me- 
dium, 25 
said leading edge intermediate passage being 
provided with heat transfer accelerating ele- 
ments which are arranged in a left ascendant 
state inclined to the advancing flow direction of 
the cooling medium from the leading edge bent 30 
portion of the blade implanted section of the 
leading edge intermediate passage to the ad- 
jacent leading edge intermediate passage on a 
downstream side of the cooling medium, and 
which are located on a ventral side and a back 35 
side, 

said leading edge intermediate passage on an 
upstream side of the cooling medium of the 
leading edge intermediate passages being pro- 
vided with a heat transfer accelerating element 40 
which is arranged in a left ascendant state in- 
clined to the advancing flow direction of the 
cooling medium, 

said adjacent leading edge intermediate pas- 
sage on a downstream side of the cooling me- 45 
dium being provided with a heat transfer accel- 
erating element which is arranged in a left as- 
cendant state inclined to the advancing flow di- 
rection of the cooling medium, and 
said trailing edge passage and said trailing so 
edge return passage being provided with being 
provided with a heat transfer accelerating ele- 
ment which is arranged in a left ascendant state 
inclined to the advancing flow direction of the 
cooling medium. ss 

12. A gas turbine blade according to claim 11 , wherein 
said heat transfer accelerating elements located on 



the ventral side and the back side is alternately ar- 
ranged. 

13. A gas turbine blade according to claim 11 , wherein 
said heat transfer accelerating element located on 
the back side of the heat transfer accelerating ele- 
ments located on the ventral side and the back side 
has an intersecting angle to the advancing flow di- 
rection of the cooling medium relatively larger than 
an intersecting angle to the advancing flow direction 
of the cooling medium of the heat transfer acceler- 
ating element located on the ventral side. 

14. A gas turbine blade according to claim 11, wherein 
said heat transfer accelerating elements are 
changed from the right ascendant inclined state to 
the left ascendant inclined state with respect to the 
advancing flow direction of the cooling medium from 
the leading edge bent portion on the blade tip sec- 
tion side of the leading edge intermediate passage 
in a manner of forming the heat transfer accelerat- 
ing element so as to be changed from one having 
a relatively long length to one having a relatively 
short length. 

15. A gas turbine blade according to claim 11, wherein 
wherein heat transfer accelerating element is locat- 
ed from the leading edge bent portion on the blade 
tip section side of the leading edge intermediate 
passage, and includes a relatively short heat trans- 
fer accelerating element which is arranged in a right 
ascendant state inclined to the advancing flow di- 
rection of the cooling medium, and a relatively short 
heat transfer accelerating element which is ar- 
ranged in a left ascendant state inclined to the ad- 
vancing flow direction of the cooling medium. 

16. A gas turbine blade provided with a hollow blade 
effective section and a blade implanted section op- 
eratively connected to the blade effective section, 
said gas turbine blade including: 

a leading edge passage for guiding a cooling 
medium from a supply passage of a blade im- 
planted section on a blade leading edge side of 
a hollow blade effective section; 
a leading edge intermediate passages for sup- 
plying a cooling medium like a serpentine via a 
leading edge bent portion formed on a blade tip 
section side and on a blade implanted section 
side; 

a leading edge return passage for recovering 
the cooling medium from the leading edge in- 
termediate passage to a recovery passage of 
the blade implanted section; 
a trailing edge passage for guiding the cooling 
medium from a supply passage of the blade im- 
planted section on a blade trailing edge side of 
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the hollow blade effective section; and 

a trailing edge return passage for recovering 

the cooling medium to a recovery passage of 

the blade implanted section via a trailing edge 

bent portion formed on the blade tip section 

side, 

said leading edge passage being provided with 
a heat transfer accelerating element which is 
arranged in a right ascendant state inclined to 
an advancing flow direction of the cooling me- 
dium, 

said leading edge intermediate passage and 
the leading edge return passage being provid- 
ed with a heat transfer accelerating element 
which is alternately arranged in a left ascendant 
state and a right ascendant state inclined to the 
advancing flow direction of the cooling medium 
and is located in at least two lines or more of 
stages, and 

said trailing edge passage and the trailing edge 
return passage being provided with being pro- 
vided with a heat transfer accelerating element 
which is arranged in a left ascendant state in- 
clined to the advancing flow direction of the 
cooling medium. 

17. A gas turbine blade according to claim 16, wherein 
said leading edge intermediate passage and the 
leading edge return passage are provided with a 
heat transfer accelerating element which is alter- 
nately arranged in a left ascendant state and a right 
ascendant state inclined to the advancing flow di- 
rection of the cooling medium, and is located in at 
least two lines or more, and the heat transfer accel- 
erating element is alternately arranged with respect 
to the blade wall on the ventral side and on the back 
side. 

18. A gas turbine blade according to claim 1 , 8, 10, 11 
or 16, wherein said heat transfer accelerating ele- 
ment is composed of either one of a rod-like rib hav- 
ing a square shape in a cross section thereof or a 
rod-like rib having a round shape in a cross section 
thereof. 

19. A gas turbine blade, wherein a heat transfer accel- 
erating element is constructed in a manner that an 
upstream side of the advancing flow direction of a 
cooling medium is formed as a heat transfer accel- 
erating element leading edge, a downstream side 
thereof is formed as a heat transfer accelerating el- 
ement trailing edge, a ventral side line connecting 
the heat transfer accelerating element leading edge 
and the heat transfer accelerating element trailing 
edge is formed into a straight line, and a back side 
line connecting the heat transfer accelerating ele- 
ment leading edge and the heat transfer accelerat- 
ing element trailing edge is formed into a curved line 
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which is bulged outwardly, and that the heat transfer 
accelerating element thus formed is located in plu- 
ral lines in a cooling passage of a hollow blade ef- 
fective section. 

5 

20. A gas turbine blade according to claim 19, wherein 
in said the heat transfer accelerating elements lo- 
cated in plural lines of stages, assuming that a pitch 
of the heat transfer accelerating element on the up- 

10 stream side on the same line and the heat transfer 
accelerating element on the downstream side on 
the same line is set as P, and a height of the heat 
transfer accelerating element is set as e, a ratio of 
the pitch P to the height e is set within a range ex- 

is pressed by the following equation, 

[Mathematical Equation 1] 
2Q P/e = 3 to 20. 

21. A gas turbine blade, wherein a heat transfer accel- 
erating element is constructed in a manner that an 
upstream side of the advancing flow direction of a 

25 cooling medium is formed as a heat transfer accel- 
erating element leading edge, a downstream side 
thereof is formed as a heat transfer accelerating el- 
ement trailing edge, a turning portion is formed at 
an intermediate portion of the heat transfer accel- 

30 erating element leading edge and the heat transfer 
accelerating element trailing edge, a ventral side 
surface connecting the heat transfer accelerating 
element leading edge and the turning portion is 
formed into a straight line, a back side surface con- 

35 necting the heat transfer accelerating element lead- 
ing edge and the turning portion is formed into a 
curved line which is bulged outwardly, the back side 
surface connecting the intermediate portion and the 
turning portion is formed into a linear surface, aturn- 

40 ing ventral side surface connecting the turning por- 
tion and the heat transfer accelerating element 
leading edge is formed into a straight line and is 
bent toward the back side surface, and that a turn- 
ing back side surface connecting the turning portion 

45 and the heat transfer accelerating element trailing 
edge is formed into a straight line, and the heat 
transfer accelerating element thus formed is locat- 
ed in plural lines of stages in a cooling passage of 
a hollow blade effective section. 

so 

22. A gas turbine blade according to claim 21 , wherein 
assuming that an inclination angle in a height direc- 
tion from the blade wall of the cooling passage to 
the top portion is set as 9 a, the inclination angle 9 

55 a of the ventral side surface is set within a range 
expressed by the following equation, 
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30° ^ 9 a g 60 ° . 

5 

23. A gas turbine blade according to claim 21 , wherein 
assuming that an inclination angle to the blade wall 
of the cooling passage is set as 6 b, the inclination 
angle 9b of the heat transfer accelerating element 
trailing edge is set within a range expressed by the 10 
following equation, 

[Mathematical Equation 3] 
30° ^ 6 b ^ 60 ° . 



24. A gas turbine blade according to claim 21 , wherein 
assuming that inclination angles of the turning ven- 
tral side surface and the turning back side surface 20 
of the turning portion are respectively set as 6 c, 6 

d to the blade wall of the cooling passage, the incli- 
nation angles 6 c and 9 d are set within a range ex- 
pressed by the following equation, 

25 

[Mathematical Equation 4] 
30° ^ 9 c, 9 d ^ 60 0 . 

30 

25. A gas turbine blade according to claim 21 , wherein 
assuming that the ventral side surface is formed into 
a straight line so as to connecting the heat transfer 
accelerating element leading edge and the turning 
portion, and an angle intersecting the advancing 35 
flow direction of the cooling medium to the blade 
wall of the cooling passage is set as 9 e, the incli- . 
nation angle 9 e of the ventral side surface is set 
within a range expressed by the following equation, 

40 

[Mathematical Equation 5] 
30° ^ 9 e ^ 60 0 . 

45 

26. A gas turbine blade according to claim 1, 2, 8, 10, 
11, 16, 1 9 or 21 , wherein either air or steam is se- 
lected as the cooling medium. 

27. A gas turbine blade according to claim 26, wherein so 
a turbine extraction of a steam turbine is selected 

as a steam used for the cooling medium. 
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